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DESCRIPTION 

PROCESS FOR PRODUCING 2 - AC YLT H I O PHENE COMPOUND 
TECHNICAL FIELD 

The present invention relates to a process for 
5 producing a 2-acylthiophene compound. 2-acylthiophene compounds 
are useful as starting materials and intermediates for preparing 
pharmaceuticals and the like. 
BACKGROUND ART 

In the synthesis of pharmaceuticals, reductions in the 

10 amount of impurities are strongly required in view of enhancing 
safety of the pharmaceuticals that are final products. In 
particular, isomers that are by-products in the reaction steps 
conducted in preparing a pharmaceutical usually resemble each 
other in physical properties, so that the separation for 

15 purification is not easy. Therefore, isomers in the starting 

materials and intermediates produced by preceding steps may cause 
various side reactions in the subsequent reactions conducted in 
preparing the pharmaceutical, which results in a final product 
containing high contents of various side reaction products as 

20 impurities. Therefore, the isomer content of starting materials 
used for preparing a pharmaceutical is often strictly controlled 
in units of 0.1 wt.%. 

Likewise for the production of 2-acylthiophene 
compounds that are useful as starting materials and intermediates 

25 for preparing pharmaceuticals and the like, a process of 

production with a low isomer content is similarly desired. 
Further, a process of production thereof without using solvent, 
in particular, organic solvent, is strongly desired from the 
viewpoint of environmental concerns and production costs. 

30 Conventionally, various processes for producing 2- 

acylthiophene compounds in the absence of solvent are known. 
Examples of such known processes include a process comprising 
reacting thiophene and an acid anhydride using activated clay 
under reflux (J. Am. Chem. Soc, 69, 1014, (1947)) and a process 

35 comprising reacting thiophene and acetic anhydride using an ion 
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exchange resin at 75°C to 125°C (U.S. Patent No. 2,711,414). 

However, products obtained by conventional processes 
for producing 2-acylthiophene compounds contain comparatively 
large amounts of by-product 3-isomers, i.e., have an isomer 
5 content of about 1 wt.% and furthermore, separation thereof is 
not easy. Therefore, when the compound is to be used as a 
starting material or an intermediate for preparing a 
pharmaceutical or the like, it has been necessary to perform 
purification using a multiple-plate distillation column, etc. 

10 For example, in the production of 2-acetylthiophene, 

when distillation is performed during the post-production process 
to separate the 3-isomer to thereby purify the product, simple 
distillation is virtually ineffective and it is necessary to use 
a multiple-plate distillation column, etc. For example, even when 

15 a 50 theoretical plate distillation column is used in a 

distillation process for purification to obtain 2-acetylthiophene 
with a 3-isomer content of 0.5 wt.% from 2-acetylthiophene with a 
3-isomer content of 0.9 wt.%, the purification yield was only 
about 70%. Therefore, also because it is not easy to separate the 

20 3-isomer produced, a process of production with a low by-product 
3-isomer content is desired. 
DISCLOSURE OF INVENTION 

PROBLEMS TO BE SOLVED BY THE INVENTION 

An object of the present invention is to provide a 
25 process for producing a 2-acylthiophene compound which has a low 
content of the 3-isomer generated as a by-product. 
MEANS FOR SOLVING THE PROBLEMS 

The present invention provides processes for producing 
2-acylthiophene compounds as described below. 
30 1. A process for producing a 2-acylthiophene compound comprising 
reacting a thiophene compound represented by formula (1) : 
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wherein R 1 is a hydrogen atom, a Ci_ 6 alkyl group, a phenyl group, 
or a halogen atom, with at least one member selected from the 
group consisting of acid anhydrides represented by formula (2) : 

o o 

X X ( 2 ) 

5 wherein R 2 is a Ci_ 6 alkyl group or a phenyl group, and 
acid halides represented by formula (3) : 

O 

2 A (3) 

wherein R is as defined above and X is a halogen atom, 
in the presence of a solid acid catalyst at a temperature less 
10 than 75°C in the absence of solvent, thus producing a 2- 
acylthiophene compound represented by formula (4) : 

O 

wherein R 1 and R 2 are as defined above. 

2. The process according to item 1 wherein the solid acid 
15 catalyst is at least one member selected from the group 

consisting of zeolites, activated clays, and cation exchange 
resins . 

3. The process according to item 1 or 2 wherein the solid acid 
catalyst is used in an amount of 0.1 to 50 parts by weight per 

20 100 parts by weight of the thiophene compound. 

The present invention is described below in detail. 
The thiophene compound used in the invention is a 
compound represented by the above formula (1). In formula (1), R 
is a hydrogen atom, a Ci_e alkyl group, a phenyl group, or a 
25 halogen atom. 

Examples of Ci_ 6 alkyl groups include methyl, ethyl, n- 
propyl, isopropyl, n-butyl, tert-butyl, n-pentyl, n-hexyl, and 
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the like. 

Examples of halogens include chlorine, bromine, iodine, 
and the like. 

Examples of thiophene compounds represented by the 
5 above formula (1) include thiophene, 2-methylthiophene, 2- 

ethyl thiophene, 2-n-propylthiophene, 2-isopropylthiophene, 2-n- 
butyl thiophene, 2-tert-butylthiophene, 2 -n-pentyl thiophene, 2-n- 
hexyl thiophene, 2-phenylthiophene, 2-chlorothiophene, 2- 
bromothiophene, 2-iodothiophene, and the like. 

10 Such thiophene compounds can be produced by known 

methods. Of the thiophene compounds represented by the above 
formula (1) , those wherein R 1 is a Ci- 6 alkyl group can be produced, 
for example, by a method comprising reducing the corresponding 
acyl thiophene. Of the thiophene compounds represented by the 

15 above formula (1), the compound wherein R 1 is a phenyl group can 
be produced, for example, by a method comprising reacting a 2- 
halothiophene with phenylboronic acid using a palladium catalyst. 
Further, of the thiophene compounds represented by the above 
formula (1), those wherein R 1 is a halogen atom can be produced, 

20 for example, by a method comprising reacting thiophene with a 
molecular halogen, an N-halogenosuccinimide, or the like. 

The acid anhydride used in the invention is a compound 
represented by the above formula (2) . In formula (2) , R 2 is a Ci_ 6 
alkyl group or a phenyl group. 

25 Examples of Ci_6 alkyl groups include methyl, ethyl, n- 

propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert -butyl, n- 
pentyl, tert-pentyl, n-hexyl, and the like. 

Examples of acid anhydrides represented by the above 
formula (2) include acetic anhydride, propionic anhydride, 

30 butyric anhydride, isobutyric anhydride, valeric anhydride, 
isovaleric anhydride, 2-methylbutyric anhydride, pivalic 
anhydride, hexanoic anhydride, 2, 2-dimethylbutyric anhydride, 
heptanoic anhydride, benzoic anhydride, and the like. Such acid 
anhydrides can be produced, for example, by heating the 

35 corresponding acid with a dehydrating agent. 
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The acid halide used in the invention is a compound 
represented by the above formula (3). In formula (3), R 2 is as 
defined in formula (2), and X is a halogen atom. 

Examples of halogen atoms include fluorine, chlorine , 
5 bromine, and the like. 

Examples of acid halides represented by the above 
formula (3) include acetyl fluoride, acetyl chloride, acetyl 
bromide, propionyl chloride, n-butyryl chloride, isobutyryl 
chloride, valeryl chloride, isovaleryl chloride, 2-methylbutyryl 
10 chloride, pivaloyl chloride, n-hexanoyl chloride, 2,2- 

dimethylbutyryl chloride, n-heptanoyl chloride, benzoyl chloride, 
and the like. Such acid halides can be prepared, for example, by 
reacting the corresponding acid with a thionyl halide. 

In the present invention, such acid anhydrides or acid 
15 halides may be used singly, or an acid anhydride and an acid 

halide of formulae (2) and (3) wherein each R 2 is the same may be 
used in combination. 

To reduce the amount of unreacted residual thiophene 
compound and to achieve an effect commensurate with the amount 
20 used, the at least one member selected from the group consisting 
of acid anhydrides and acid halides as described above is 
preferably used in an amount of 0.4 to 10 moles, and more 
preferably 0 . 5 to 3 moles, per mole of the thiophene compound. 

The solid acid catalyst used in the invention is not 
25 particularly limited, and examples thereof include zeolites, 
activated clays, and cation exchange resins. Usable cation 
exchange resins are not particularly limited, and examples 
thereof include perf luorosulf onic acid polymers, sulfonic acid 
polymers, and the like. Such solid acid catalysts can be used 
30 singly or as a combination of two or more kinds. 

To allow the reaction to proceed smoothly and to 
achieve an effect commensurate with the amount used, the solid 
acid catalyst is preferably used in an amount of 0.1 to 50 parts 
by weight, and more preferably 1 to 30 parts by weight, per 100 
35 parts by weight of the thiophene compound. 
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The reaction temperature is less than 75°C, preferably 
at least -10°C but less than 75°C, and more preferably 10°C to 60°C. 
When the reaction temperature is less than -10°C, the reaction 
rate tends to be slow and it may take a long time to complete the 
5 reaction. When the reaction temperature is 75°C or higher, large 
amounts of isomers may be generated. The reaction time is 
preferably 1 to 100 hours , although it is difficult to generalize 
because the reaction time varies depending on the reaction 
temperature. In the present invention, since the reaction 
10 proceeds in the absence of a solvent, it is unnecessary to use a 
solvent . 

Examples of methods of isolating the desired target 2- 
acylthiophene compound from the reaction mixture include 
distillation methods, methods comprising adding water and 
15 separating the reaction mixture, followed by concentrating the 
organic layer obtained by the separation and then adding a 
solvent to the precipitated crystals to perform recrystallization, 
and like methods. 

The 2-acylthiophene compound thus obtained is a 
20 compound represented by the above formula (4). In formula (4), 

1 2 

R is as defined in formula (1), and R is as defined in formulae 
(2) and (3) . 

Examples of 2-acylthiophene compounds represented by 
the above formula (4) include 2-acetylthiophene, 2- 

25 propionylthiophene, 2-butyrylthiophene, 2-isobutyrylthiophene, 2- 
valerylthiophene, 2-isovalerylthiophene, 
2- ( 2 -methyl ) butyrylthiophene, 2-pivaloylthiophene, 
2-hexanoylthiophene, 2- (2, 2 -dimethyl) but yrylthiophene, 2- 
heptanoylthiophene, 2-benzoylthiophene, 2-acetyl-5- 

30 methyl thiophene, 2-acetyl-5-ethylthiophene, 2-acetyl-5-n- 

propylthiophene, 2-acetyl-5-isopropylthiophene, 2-acetyl-5-n- 
butylthiophene, 2-acetyl-5-tert-butylthiophene, 2-acetyl-5-n- 
pentylthiophene, 2-acetyl-5-n-hexylthiophene, 2-acetyl-5- 
phenylthiophene, 2-acetyl-5-chlorothiophene, 2-acetyl-5- 

35 bromothiophene, 2-acetyl-5-iodothiophene, and the like. 
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EFFECTS OF THE INVENTION 

According to the present invention, a 2-acylthiophene 
compound whose by-product 3-isomer content is not more than 0 . 5 
wt.% can be easily obtained industrially at low cost. 
5 BEST MODE FOR CARRYING OUT THE INVENTION 

Examples of the present invention and comparative 
examples are given below to illustrate the invention in more 
detail, but the scope of the invention is not limited to these 
examples . 

10 EXAMPLE 1 

80 g of activated clay (product of Nacalai Tesque, 
Inc.) and 347.1 g (3.4 moles) of acetic anhydride were introduced 
into a 1-liter 4-necked flask equipped with a stirrer, condenser, 
thermometer, and dropping funnel. 286.1 g (3.4 moles) of 

15 thiophene was added dropwise at 25 °C to 35°C over 1 hour. After 
the dropwise addition, the reaction was allowed to proceed at 
30°C for 96 hours. After the reaction, the activated clay was 
separated by filtration to give a dark brown filtrate. The 
filtrate was subjected to distillation to remove unreacted 

20 thiophene, acetic anhydride, and by-product acetic acid, thus 

giving 278.8 g (2.2 moles) of 2-acetylthiophene. The yield of 2- 
acetylthiophene was 65% based on thiophene. 

The 3-isomer, i.e., 3-acetylthiophene content was 
determined by high-performance liquid chromatography. The 3- 

25 acetylthiophene content of the resulting 2-acetylthiophene 

product was 0.3 wt.%. The following conditions were used to 
perform the high-performance liquid chromatography: column: 
TSKgel ODS-80TS 4 . 6 mm <|> x 250 mm (product of Tosoh Corporation), 
mobile phase: 0.05 wt.% aqueous potassium dihydrogen phosphate 

30 solution (phosphoric acid pH = 3.7) / acetonitrile =75/25 

(V/V) , flow rate: 1 ml/min, column thermostat temperature: 30°C, 
and detector: UV220nm. 

EXAMPLE 2 

2.5 g of a perf luorosulfonic acid polymer (product of 
35 N.E. Chemcat corporation, trade name: SAC-13) which is a cation 
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exchange resin, and 25.5 g (0.25 moles) of acetic anhydride were 
introduced into a 100 ml 4-necked flask equipped with a stirrer, 
condenser, thermometer, and dropping funnel. 21.0 g (0.25 moles) 
of thiophene was added dropwise at 25 °C to 30 °C over 30 minutes. 
5 After the dropwise addition, the reaction was allowed to proceed 
at 30 °C for 40 hours. After the reaction, the perf luorosulf onic 
acid polymer was separated by filtration to give a dark brown 
filtrate. The filtrate was subjected to distillation to remove 
unreacted thiophene, acetic anhydride, and by-product acetic acid, 

10 thus giving 24.3 g (0.19 moles) of 2-acetylthiophene. The yield 
of 2-acetylthiophene was 77% based on thiophene. The 3-isomer 
content was determined in the same manner as in Example 1. The 3- 
acetylthiophene content of the resulting 2-acetylthiophene 
product was 0.5 wt . % . 

15 EXAMPLE 3 

2.5 g of a sulfonic acid polymer (product of SIGMA- 
ALDRICH, trade name: DOWEX-DR2030) which is cation exchange resin 
and 25.5 g (0.25 moles) of acetic anhydride were introduced into 
a 100 ml 4-necked flask equipped with a stirrer, condenser, 

20 thermometer, and dropping funnel. 21.0 g (0.25 moles) of 

thiophene was added dropwise at 20 °C to 25 °C over 1 hour. After 
the dropwise addition, the reaction was allowed to proceed at 
40 °C for 45 hours. After the reaction, the sulfonic acid polymer 
was separated by filtration to give a dark brown filtrate. The 

25 filtrate was subjected to distillation to remove unreacted 

thiophene, acetic anhydride, and by-product acetic acid, thus 
giving 26.4 g (0.21 moles) of 2-acetylthiophene. The yield of 2- 
acetylthiophene was 84% based on thiophene. The 3-isomer content 
was determined in the same manner as in Example 1 . The 3- 

30 acetylthiophene content of the resulting 2-acetylthiophene 
product was 0.4 wt . % . 

EXAMPLE 4 

5.9 g of a zeolite (product of Tosoh Corporation, trade 
name: HSZ-360HUA) and 25.5 g (0.25 moles) of acetic anhydride 
35 were introduced into a 100 ml 4-necked flask equipped with a 
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stirrer, condenser, thermometer, and dropping funnel. 21.0 g 
(0.25 moles) of thiophene was added dropwise at 25°C to 35°C over 
1 hour. After the dropwise addition, the reaction was allowed to 
proceed at 30 °C for 96 hours. After the reaction, the zeolite was 
5 separated by filtration to give a dark brown filtrate. The 
filtrate was subjected to distillation to remove unreacted 
thiophene, acetic anhydride, and by-product acetic acid, thus 
giving 19.4 g (0.15 moles) of 2-acetylthiophene. The yield of 2- 
acetylthiophene was 62% based on thiophene. The 3-isomer content 
10 was determined in the same manner as in Example 1. The 3- 
acetylthiophene content of the resulting 2-acetylthiophene 
product was 0 . 5 wt . % . 

EXAMPLE 5 

5.9 g of activated clay (product of Nacalai Tesque, 
15 Inc.) and 21.0 g (0.25 moles) of thiophene were introduced into a 
100 ml 4-necked flask equipped with a stirrer, condenser, 
thermometer, and dropping funnel. 19.6 g (0.25 moles) of acetyl 
chloride was added dropwise at 25 °C to 35 °C over 2 hours. After 
the dropwise addition, the reaction was allowed to proceed at 
20 30 °C for 48 hours. After the reaction, the activated clay was 
separated by filtration to give a black filtrate. The filtrate 
was subjected to distillation to remove unreacted thiophene and 
acetyl chloride, thus giving 18.3 g (0.15 moles) of 2- 
acetylthiophene. The yield of 2-acetylthiophene was 58% based on 
25 thiophene. The 3-isomer content was determined in the same manner 
as in Example 1. The 3-acetylthiophene content of the resulting 
2-acetylthiophene product was 0.4 wt.%. 
EXAMPLE 6 

5.9 g of activated clay (product of Nacalai Tesque, 
30 Inc.) and 56.6 g (0.25 moles) of benzoic anhydride were 

introduced into a 100 ml 4-necked flask equipped with a stirrer, 
condenser, thermometer, and dropping funnel. 21.0 g (0.25 moles) 
of thiophene was added dropwise at 55 °C to 65 °C over 1 hour. 
After the dropwise addition, the reaction was allowed to proceed 
35 at 60 °C for 72 hours. After the reaction, the activated clay was 
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separated by filtration to give a dark brown filtrate- The 
filtrate was subjected to distillation to remove unreacted 
thiophene, benzoic anhydride, and by-product benzoic acid, thus 
giving 26.0 g (0.14 moles) of 2-benzoylthiophene . The yield of 2- 
5 benzoylthiophene was 55% based on thiophene. The 3-isomer content 
was determined in the same manner as in Example 1 . The 3- 
benzoylthiophene content of the resulting 2-benzoylthiophene 
product was 0 . 5 wt . % . 

EXAMPLE 7 

10 5.9 g of activated clay (product of Nacalai Tesque, 

Inc.) and 25.5 g (0.25 moles) of acetic anhydride were introduced 
into a 100 ml 4-necked flask equipped with a stirrer, condenser, 
thermometer, and dropping funnel. 24.6 g (0.25 moles) of 2- 
methylthiophene was added dropwise at 25°C to 35°C over 1 hour. 

15 After the dropwise addition, the reaction was allowed to proceed 
at 30 °C for 48 hours. After the reaction, the activated clay was 
separated by filtration to give a black filtrate. The filtrate 
was subjected to distillation to remove unreacted 2- 
methyl thiophene, acetic anhydride, and by-product acetic acid, 

20 thus giving 23.5 g (0.17 moles) of 2-acetyl-5-methylthiophene . 
The yield of 2-acetyl-5-methylthiophene was 67% based on 2- 
methylthiophene. The 3-isomer content was determined in the same 
manner as in Example 1. The 3-acetyl-5-methylthiophene content of 
the resulting 2-acetyl-5-methylthiophene product was 0.5 wt.%. 

25 EXAMPLE 8 

5.9 g of activated clay (product of Nacalai Tesque, 
Inc.) and 25.5 g (0.25 moles) of acetic anhydride were introduced 
into a 100 ml 4-necked flask equipped with a stirrer, condenser, 
thermometer, and dropping funnel. 29.6 g (0.25 moles) of 2- 

30 chlorothiophene was added dropwise at 45°C to 55°C over 1 hour. 
After the dropwise addition, the reaction was allowed to proceed 
at 50 °C for 72 hours. After the reaction, the activated clay was 
separated by filtration to give a dark brown filtrate. The 
filtrate was subjected to distillation to remove unreacted 2- 

35 chlorothiophene, acetic anhydride, and by-product acetic acid, 
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thus giving 20.9 g (0.13 moles) of 2-acetyl-5-chlorothiophene . 
The yield of 2-acetyl-5-chlorothiophene was 52% based on 2- 
chlorothiophene. The 3-isomer content was determined in the same 
manner as in Example 1. The 3-acetyl-5-chlorothiophene content of 
5 the resulting 2-acetyl-5-chlorothiophene product was 0.5 wt.%. 
COMPARATIVE EXAMPLE 1 

11.3 g of 85 wt.% phosphoric acid and 273.6 g (2.7 
moles) of acetic anhydride were introduced into a 1-liter 4- 
necked flask equipped with a stirrer, condenser, thermometer, and 

10 dropping funnel. 225.5 g (2.7 moles) of thiophene was added 
dropwise at 25°C to 35 °C over 30 minutes. After the dropwise 
addition, the reaction was allowed to proceed at 30 °C for 60 
hours. After the reaction, 100 g of 10 wt.% aqueous ammonia was 
added dropwise and stirred, and the reaction mixture was 

15 separated to give a black oily layer. The oily layer was 

subjected to distillation to remove unreacted thiophene, acetic 
anhydride, and by-product acetic acid, thus giving 172.4 g (1.4 
moles) of 2-acetylthiophene. The yield of 2 -acetyl thiophene was 
51% based on thiophene. The 3-isomer content was determined in 

20 the same manner as in Example 1. The 3-acetylthiophene content of 
the resulting 2-acetylthiophene product was 1.0 wt.%. 
COMPARATIVE EXAMPLE 2 

5.8 g of activated clay (product of Nacalai Tesque, 
Inc.) and 25.5 g (0.25 moles) of acetic anhydride were introduced 

25 into a 100 ml 4-necked flask equipped with a stirrer, condenser, 
thermometer, and dropping funnel. 21.0 g (0.25 moles) of 
thiophene was added dropwise at 75 °C to 85°C over 10 minutes. 
After the dropwise addition, the reaction was allowed to proceed 
at 100°C under reflux for 5 hours. After the reaction, the 

30 activated clay was separated by filtration to give a black 

filtrate. The filtrate was subjected to distillation to remove 
unreacted thiophene, acetic anhydride, and by-product acetic acid, 
thus giving 22.1 g (0.18 moles) of 2-acetylthiophene. The yield 
of 2-acetylthiophene was 70% based on thiophene. The 3-isomer 

35 content was determined in the same manner as in Example 1. The 3- 
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acetylthiophene content of the resulting 2-acetylthiophene 
product was 0.9 wt . % . 



